Objective The effect of a small amount of alcohol on the sleep structure in relation to alcohol sensitivity was examined using polysomnography (PSG).
Introduction
The reticular activating system and central nervous system are suppressed with alcohol, which has hypnotic and general anesthetic effects. Excessive alcohol consumption induces intoxication and also sleepiness (1) . In the United States, approximately 10% of men and 3-5% of women develop serious alcohol-related problems, 20-50% of men and 6-10% of women in general psychiatric practice, suffer from alcoholism (2) . However, the influence of alcohol on sleep quality has not been fully investigated. For example, it has been known that a large amount of alcohol taken before bedtime tends to shorten sleep latency, increase nonrapid eye movement (NREM) sleep and reduce rapid eye movement (REM) sleep in the first half of sleep (3, 4) . In contrast, the influence of a small amount of alcohol on sleep quality remains unclear.
The suppression of REM sleep is related to blood alcohol concentration (5, 6) . And its peak varies with the capacity to eliminate alcohol, which is provided with the aldehyde dehydrogenase (ALDH) geno type (7) . The inherent lack of the low Km isozyme of ALDH enhances the sensitivity to alcohol and easily produces alcohol intoxication. To our knowledge, the influence of alcohol on sleep quality along with alcohol sensitivity in healthy human subjects has not been studied. An alcohol patch test has been introduced as a sensitive and specific tool to detect the lack of Km isozyme of ALDH (8) . Accordingly, we investigated the effect of a small amount of alcohol on the sleep structures in relation to alcohol sensitivity using polysomnogaraphy (PSG) and the alcohol patch test.
Methods

Subjects
Thirteen healthy women were enrolled in this study (mean±SD: 21.1±0.7 years, body mass index [BMI]: 20.0± 2.1 kg/cm 2 ). None of them had psychiatric, cardiovascular, metabolic, pulmonary or sleep disorders, history of drug abuse or symptoms of excessive daytime sleepiness. None of the subjects were currently taking drugs that might affect sleep structure. All subjects were non-smokers and also occasional drinkers of alcohol. The subjects were informed of the objectives and the conditions of the experiment and the written informed consents were taken from all of them prior to the study.
Polysomnography
The PSG (ALICE 3; Respironics Inc., Pennsylvania, USA) was performed from midnight until the next morning when the subjects awoke spontaneously. The recorder has capability of recording thirteen channels of electrophysiological data as well as digital time in one-second interval. C3-A2, C4-A1, O1-A2 and O2-A1 electroencephalogram (EEG), right and left electrooculogram (EOG), submental electromyograms (EMG), airflow (detected by thermistor), chest and abdominal movement (recorded by strain gauge), oxygen saturation by pulse oximetry and electrocardiograms (ECG) (recorded by bipolar CM5) were recorded on PSG.
After spending one overnight for acclimation, they ingested no alcohol (baseline night), 0.28 (alcohol night I) or 0.69 (alcohol night II) g ethanol/kg body weight, at 11 PM in approximately 30 minutes. Each ethanol night was separated, its mean interval was 5 days (3, 9) . Data for all subjects obtained on the acclimation night were excluded (10) . The PSG was recorded during the follicular phase to eliminate the effect of the menstrual cycle on sleep structure, i.e. the sleep quality evaluated by PSG in healthy women is poor in the luteal phase (11) , and the ability to metabolize alcohol is diminished in the first half of menstruation than other times (12) . Moreover, food intake was controlled, and participants took their evening meal before 9 PM to minimize differences in metabolic and/or pharmacokinetic factors. They were also requested to refrain from drinking alcohol, taking any kind of drugs, napping and undue exercise before and during this study. The electrode attachment with the standardized techniques was completed just before midnight, and then each subject fully equipped was instructed to sleep in the quiet and air-conditioned shield room (temperature: 21-24°C). Signals were visualized and sensor positions were modified to improve signal quality, the lights were turned off and the PSG recording was started. 
Alcohol sensitivity
Alcohol sensitivity was evaluated using a patch test (15) . Absorbent cotton containing 100 l ethanol (40%) or the same volume of distilled water as a control was attached to the inner surface of the upper arm for 7 minutes. The appearance of erythema 10-15 minutes after removal of the absorbent cottons was evaluated as "sensitive to alcohol" and the lack of erythema as "insensitive to alcohol".
Statistics
Results are expressed as mean±SD. Data were analyzed by the analysis of variance (ANOVA) with Scheffe's test to compare sleep parameters among baseline night, alcohol night I and alcohol night II. A p-value of <0.05 was considered statistically significant.
Results
Six of the 13 subjects (46.1%) were sensitive to alcohol and the other 7 (53.9%) were insensitive to alcohol. There were no significant differences in age and BMI between the alcohol-sensitive and insensitive subjects (age: 21.2±0.8 vs 21.1±0.7 years, BMI: 20.8±2.2 vs 19.4±2.1 kg/cm 2 ). In all subjects, there were no significant differences in any of the sleep parameters on alcohol nights compared with those on baseline night (Table 1 ).
In Fig. 1 ).
In the 7 alcohol-insensitive subjects, none of the sleep parameters were significantly affected by alcohol consumption (Table 3, Fig. 2 ).
Discussion
Alcohol consumption decreased the %stage REM, extended REM latency and significantly increased the variation of REM cycles in the alcohol-sensitive subjects, but not in the alcohol-insensitive subjects. These findings suggest that REM sleep is impaired by an ingestion of a small amount of alcohol in healthy young women sensitive to alcohol. EEG patterns induced by alcohol ingestion may be influenced by individual differences in alcohol metabolism (16) . Regarding the racial difference in the alcohol sensitivity, which is inherent and defined by ALDH geno type, the Caucasoid shows more blunted sensitivity than the Mongoloid in general (17) . The absence of the low Km isozyme of ALDH reduces alcohol metabolic velocity (7) , leading to the delay of diminution of its blood concentrations (18) . We revealed that REM sleep could become impaired in subjects sensitive to alcohol, but it was not impaired in insensitive subjects. A previous study in women showed that a low dose of alcohol (0.5 g ethanol/kg body weight) did not affect REM sleep (19) . The present findings in alcoholinsensitive subjects were similar to those in the previous study.
The alcohol sensitivity as well as the amount of alcohol is an important factor to determine the quality of sleep. The degree of REM sleep impairment was dependent on the amount of alcohol consumption, and a large amount of alcohol significantly suppressed REM sleep compared to a small amount [blood alcohol concentrations prior to sleep; 40-150 mg/dl (3), 0.16-0.64 g ethanol/kg body weight (4)]. The degree of suppression of REM sleep was related to the blood alcohol concentration, and REM sleep was augmented with a decrease of blood alcohol concentration (5, 6) . In a study in men, REM sleep in the first half of night was suppressed by a small amount of alcohol, and REM sleep increased in the second half of night (20) . However, we demonstrated that a small amount of alcohol affected REM sleep even in the second half of night in healthy young women sensitive to alcohol. MacLean et al (19, 21) showed that the blood alcohol concentrations in young women were 1.7 times higher than in young men at comparable doses. These data can explain the differences in gender and superficial discrepancies between our findings and previous studies (19) .
In the present study, NREM sleep was not affected by a small amount of alcohol between baseline night and ethanol night 1 or 2 regardless of their alcohol sensitivity. Concerning the effect of alcohol on NREM sleep, in the above study there was no effect of alcohol (0.5 and 0.75 g ethanol/kg body weight) on NREM sleep in young women (19) , which is consistent with our findings. Sleep is generated in a specific area of the brain, rather it is the consequence of an active process requiring appropriate interaction of the brainstem and cerebral cortex. For example, the change of sleep and wakefulness is regulated with the central cathecholamine neurons (NE) and 5-hydroxytryptamine neurons (5-HT). REM sleep is related to the NE system in the midbrain reticular formation, and NREM sleep is generated with the 5-HT system in the nuclei raphes (22) . Alcohol consumption seems to suppress the function of the NE system (23) . These might support our findings. The neuro-hormonal mechanisms in sleep-wake regulation remain unclear. Further evaluation associated with the influence of alcohol on sleep quality might yield unique information to clarify the genesis of REM sleep. The impairment of concentration and memory, together with anxiety, tiredness and irritability, has been reported as consequences of experimentally induced REM deprivation (24) . These observations suggest that even a low dose of alcohol reduces REM sleep and might possibly result in a poor quality of life for an individual sensitive to alcohol. The screening of alcohol sensitivity would thus be meaningful to determine how alcohol intake adversely affects quality of sleep in some healthy non-drinkers.
Given REM deprivation leads to the impairment of concentration and memory, our findings suggest that a control of drinking behaviors is important in order to obtain a good quality of sleep especially for alcohol-sensitive individuals.
